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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE D'UN 
PUTTS, NOTAMMENT DTJN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

U presente invention ccocerne un proctde powforerctchemiaerunpuits, 
notamment ua puils de forage p&rohcr, an moyen d'ua awmblc dc troncoas tubuUires 

- ou preTorroa - nmilaina. imtialemcnt soupks, aptc* I fcre repliees laifftudinalcmaH 
aurcMea-me^poureurta 

5 PcfTci d'unc prtntoo interne pour prendre une forme cylindrique, el enfln a toe 
rigidifiees j nsitu par polymerinUon de lew peroi, l*eaoonbrement transversal d'une 
prtformc replicc tent <fc dimension maximak sentibiemeot iofeneure I ton diametre 
interne a PAat de>Ke\ et ksdites prcTormcs possedaat one portion d'extremitC donl le 
diametre • apres depiiement * est legeremeot superieur a celui de la prcTorme, ce qui 

10 pennet leur jonctioo txwt-a-bout par embbftemenu avec recouvrement de Utile portion 
d'extreaiitl 

Atnsi. en recourant a ce type de pceTorrac. qui est connuc en ioi 

- notamment par le document WOA-94/21887 - il cat possible d'obtcnir un cfrcmiaage 
d'tmdia»&recoti«Mtw 

15 a eel tgard, U con Went de rappeler qu 'avec des chemisages (ou tubages) 

tiaditWKmcU constitues par des tubes en acter k on est oblige" d'utiliser des troncons 

tubulaiies lelescoptqucs, a diametre deowsaiueiic^ 

des proof emcs d'installation et d'expldtation ulteneure du puts. 

L'objectif de i 'invention est dc proposer un pnoceVte de forage et de 
20 chemisage du puits, a V aide de preTormes du type meancm* ci-dessus, qui puisse tore 

mis en oeuvre de maniere simple et rapkle, i faibie coflt 

Poor cela, et cooformdment a (Invention, on commence par meare en 

plsceunprtnuertioncoivduc^ 

troncmdantlounieeverskbBS. 
25 Uproce<16aelc«l'inveotk»com 

a) on Tsit passer axialcment, de haut cabas, a (raven ledit troocoo, un 
outil de forage, et oo fore au-dessous et dam le prokmgeineot de ce troncon un troude 
forme et de profondeur adaptees pour recevdr le troncon suivant ; 

b) on redre Toutil de forage ; 

30 c) on mtrodmi une preforms a I'fcat replied a 1'intefieur du jxrits en la 

faisant traverser le troncon deja en place, et on la posttioone ooovenablemeat a rinteneur 
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du trou, a portion d'extremite* haute venant sc placer a rinterieur de la portico dcx- 
tfteitf elargie du troocon ; 

d) on inlroduat un ciment fluide au food du trou, autour de la portion 

d'ex fremiti basse de la preTorme ; 

e) oo introdust un fluide sous prasion, de density supencurc a la derate 
du dment, a rinterieur de U preTorme afin de la deplicr radialement, crogressWementde 
bas en haul, en refoulaat le cimeat, egalemeot dc las en haul, autour de la preTocme, 
contra Uparoidu trou; 

0 tout en maintcnant la preTorme sous pression interne, on en chaufTe la 



10 pnroipourUpoiyincriscr; 

g) (e ciment ayant oris, et la preTorme ayant durci poor consti toer un 

troocon tubulaire rigfcfe de clientage, c* i*t^ 
gonflage et a U potymerumn on de U o^ 

h) on re^tere reparation pour les 000500* suivants, jusqu'a obtenir U 
15 longueur depuits chemist souhai tee. 

Lorsqoe, comme ceta sera exptique* plus loin, Ka preTorme preseote des 
reserves de rcanc aptes a migrer vers rexteneur pour former des verrous .iiniiUires 
d'6ancMie\Iepotttioiii*^ 

De niantere pafticnUercnieni avantageuse, on utilise un ©util de forage dn 

genretre>m,apteaoccuD^ 

premier cot d'eocombrement minimal, luj permetlant de passer a iMnleneor du troocon 
dcjaeo place, un second dn^d'eocombfemert to 
principale du trou et un tiafieme eTat, d'encombro 
parte du trou c^nee a recevoirU portion dargiede la preTorme. 

Daw un none de i«b^c« pr^ 
a ta polytnenaation de la preTorme, ainst qu'ala distribution du ciment, cooiprend une lete 
aoV3uWe valve placemen p^ 
niacfe de goruTas^ a llnlemur 0^ 

L'instailation de Toragc et de chemisage, qui fait egalemeot partie de ka 

prtseote mventioi. servart a U ou^ 
qu'elle comprend. en tte de mats : 

- une bobine de stockage et de reception, a r*ai enrould, de ladite 

Prtf ° fmC . one uHe surplombani reatrec dupuiu, apte a pcrmettrc le guidage et 
35 Introduction, dans le puits, deU preTorme et des difTerents ouullages servant au forage 
du pints sins qu'aa gonflage et a la polymerisation de la ^eTume ; 
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- det bobincs de stockade a I 'eTal enroui* de lubes mtalliques clastiquc- 
roeat deTcnnaUes spies i fsiredesceodie el remooter lesdits otttillsgesdsns le puits, Tun 
de ces lubes contenant un cable servant a Palimefltation de ta preTorme en courant 
etecvique; 

5 - un generateurde courant electrique, 

D'autres caiactenstiquca et a vantages de Pinvention apparaltront de Ka 
description et des desstns annexes qui en represented a simple titrc d'exemples non 
timitaUfl un mode de raise en ceuvre preTere\ sinsi que rinstaliation v^respurtanle. 

Surcesdessins: 

10 -let figure. Ia4*c*t des vucasche^ montraot 

les difTerentes e*tapes dp I'openUion de forage de la partie de puts qui doit recevoir la 
preTonne ; 

- la figure 5 cstunevue scfeematiquc d'une prefonne et de PootilUge dont 
elle est solidaire, avant nise en place, dans le puits ; 

15 . ies figures 6 et 7 sent des vues partieUcs de IVxtremite basse de la 

preTorme, destinies a illustrer le principe de la double valve dont eat pourvue U tEte 
d*outiltage; 

.lcsfiguiee8al5iUust^ 
prffocmc au bout d'un tn»9on <Jd>* co place ; 
20 - » Hgure 16 rtprescnte schemanquement, en coupe axiale, on puits 

cfaeniisdpwtioistrcc^OK 

- la figure 17 est unc vue schftnatiquc mootraat les dltTerents matenels 

constituufs de P installation, situes en surface (tete de puits) ; 

- les figures IS a 30 - a echelle plus petiie ► illustrent le fooctionnenieni de 
25 rinstallaaon au cours des diflerentes etape* da chemisagc. 

La figure 1 represenie rextremite* basse d'un puits vertical en cours dc 
foiageetdechemisage. Ce puits, incompietement fore*, comporte un chemisage deja en 
place sous forme d'un tube cvtindnque rigide 2 presentant unc portion d'extrtmite* basse 
20e?argie. 

30 udiaraetreDdecetle partie 20 

d de la partie prindpale2. si bienqu'il est pcwWed'embotler les uns dans lesautres des 
troncons 2, avec reeouvTement des parties d Vxtremite* 20. 
Letrooconde chemisage 2 est scdW 

quc20a 

35 Mom aliens m« i HtMtM> t rftoire de quelle maniere va tee mis en place, a 

Taide du prooidd de Tuiventicn, le troncon suivant. de 
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Pour cda. commt illustrc aux figures I 44, oo commence par focer un 
trou destine k rtcevoir ce trcnoon. 

A cet effet on uulise un outi! de forage l f du genre trepan, qui a la 
particularity de pouvoir etre retract* on dilate radialcmem. dans trois 6t*is d'encotn- 
S bccmcatc£ff6reate. 

Dans un premier etat, illustre a la figure 1. Toutil est retract* au maximum 
de telle maniere que sa plus grande dimension trans vemle autorise son tibre passage & 
riatenettr du troncco Z mdaletnmtatraven cdiri-ci 

Dam cct etat, too cncombrement est done plus petit que d. 
10 DenuuwereccMinue,rouuldcfo^ 
tnbtuaiie 10, qm pom k motew 
lea <)fganes assiuut son dejdeae^ 

Comme on le vena plus k*n. la tige 10 est montee a I'extremite* d'nn tube 
mltaliique apte k etre enrouk sur un tambour recepteur dispose en surface, en tete de 
15 puits. 

Dans un second etat de depCoiement radial, Uiustre a la figure X la partie 
coupante 12 de Poutil possede un diametie de travail senssbtement egal aD. 

L'ouul ayant M descendu axtale m eo t dans le puits, a travers k tubage 2 
deja en place, on pcovoque ce denotement radial au diametie D lorequ'tl est arriv* a 
20 rinteneurde U portion elarpe 

vwUsao>sceniecomiiiemustrf|»rUfle^ 1. 

Oo realise atnsi le rotate d'un trou cviirjdriquc au diametre D, coaxial au 
tronccc 2, dans k ptolongement de cdui-ci, dans k ad S. 

La profoodeur de forage correspond a la longueur du troocpo que Ton 

25 souhaiteroettre en place, 

L'ouul I possede des organes de coupe additioanels 11 qui peuvent etre 
deploy** radialement a un diametre superieur a D, afin de pouvoir recevotr U portion 
Aargkdu trancon a mettre en ptaoe. 

Comma iUustrf a la figure 3, par rcraontee de Toutil scion F a , on realise 
30 simi nn rtfirfi ff"*"* ' 1 " trou imrune cenaine hauteur 

A la fi guie 4 on a design* par la reference 30 la paroi dek partie princtpale 
duttT)u3,parkreT6encc31Upa^ 

basse du trou, dont k diametie D est le meme que celui de k partie 30. 
UpieT«me4rcpresc^ 
35 general quecdle decrite en detail dans le WO-A-94/21887 dejacite. 
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Neanmoins. die est cfcpourvue cans sa panic basic d'un organ* obauateur 
gonflable, du faitqu'on aaflsire I un trou borgr* ;de plus, U preTonne 4 pootde une 
portion d Vxtremite* basse 40 de section clargie. 

Lapftfonnc4e«tfupporteeparuDclige tubulaire 5 cn acicr, enrouiaMe 
5 » ur un tambour de stockage situe en surface* et qui permet de la faire descendre i 
rinterieur du puits, etdelui fournir les fl aides de annotation ct de gonflage, ait» que 
renergie electrique pour la polymerisation de la preTonne, par rintenneVftaire d'un 
dlsfcsstif de i^ooc«demegl500 relie a un ccodoit cetural (axial) 30 dispose a I'intcneur de 
U preTonne etscraccordstu en 
10 Ce type cktiged'scier amenable est couramment deaglA dans k ro^er 

par Lc termc anglais "COILED TUBING* - en abreg* "CT.* 1 

Comme ceU est decrit dans le WO-A-94/21887 deja rite\ la preTorme est 
obcurfe a ses extremites haute ct basse, de maniere handle, par des raanchoos arracha- 
biet et/ou deooupabtes en fin d'opecatkxi. 
15 La tele duffributrice 51 possedc une double valve 52, 53, actionnabSe 

selecnvernenX (depuis la surface). 

Comme illustre* aux figures 6 et 7, la valve 52 permet de distribuer un 
fhtkkde pxalafearintemw 

distribuer un earnest fluide a la base de la preTome, a fexteneur deceit 
20 Comme Muitrf 1 la figured la preTonne 4 - qui se trouve initiaiemect a 

1 *6tai radiakmeni replic* * est descendue dans le trou 3 axialement, du haut vers le has, t 

travers le tronooo de ctanbaae 2 dejaca place. 

Bien cntendu, pour que ceci soil possible, tl est necesssire que 1 •encom- 

brement transversal <teUpr*Tc*n*repU& 
25 depliee,quiccnespoodac«iwa^ 

Lofsquc la preTonne est reptiee sur cUe-meme* die presente une section en 

M IT ou en forme d'escargot - comae Ulustrc par example aux figures 6A et 63, 

rcapecuvement du document WO-A-94/256S5 ; lorsqu'eUc est deptiee eUe presente une 

section circulaJre. 
30 UpreTorme4estpoeitioim& 

d'extremit* plus large 40bj trouve en regard de Telargiisemcnt de puits 31 ; la longueur 
du trou 3 est determine* pour que, dans cette position, la portion supencure de la 
preTonne se owe en regard de I'dargissement 20 du tube^ 

On precede alon a Injection d^<teededm«uliquide6iUba«oe la 
35 preTorme, via la valve S3 ((leches J, figure 9) . 

Le dmcntestchotsi pour avoir une density voisine - voire legerement 
supeneure - de odle de la boue liquide 7 se trouvant dans le puns. 
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L'arrivec de ciment a la base de la rjreTorme chassc done cette bouc vers le 

haut 

Comme illuslrf a la figure 10. on precede ensuite au gonfUge de la 
preTonne. co injectant un fluidc sous pressioo a rinterieur de celle-d, via la valve 52 
5 (flechcsl). 

II s'sgit soil d'un liquide introduit de rextcneur (depuis latfcede puhs) 
par le conduit 5 daw la preTorme. soit d'un tiquide (eau,boocou peTrole) present dans le 
ptdts et pomp* dans la prtTorme, 

Le tiquide de goo/lage est avantageusemeo t choisi pour avoir une densi te* 

10 Icgerementsuperie^ 

goo/lage va ee fairc progrcssivement du bas vers le haut, commc symbolise* par les 

fitches GIU figure la 

A deTaut, la progression du gonflage du bas vers le haut peut «tre controlee 
en prfvoyant. le long de la preTonne. une sene de bagucs de contention frangjblcs, dont 
15 le seuil de rupture est adapte* a cc sens de progression. 

Leciment est par consequent refoule' egalciuent de bas en haut centre U 
paroi du puits, commc symbolise* par la fieche H. tandis que la bouc 7 se trouvc cfaassee 
vers le haul 

De preT erencc le volume de ciment penpherique n'est pas sutTisant pour 
20 afleindrcUpartie hauled liaison sails ciinesu dans 

ta zone de jonction cotrc les portions d'extremit* des deux uoocons 2 ct 4 (voir figure 
11). 

r> prtfenmc^ la pittcroe 4 po 
chaud, prise en sandwich entre une peau intencure et une peau exteneure elasuques. et 
25 munie, cote* intencur, d'une reserve contenant de la resinc apte a migrer vera rextcneur 
pour former des bourrekts annulaires favorisant r ancragc et 1 •ftancbelt* du tubage contre 
U paroi du puits. 

Une prcTorme de ce genre est decrite dans la demmnde de brevet f raocats 
94 0869 1 depoaee le 7 juillet 1994 par la denunderesse, et dans son extension interna- 
30 twoiIePCT/FR 95/00902. 

Ces venous annulaires, repartis tout le long de la preTonne soot references 
9 ; de preference SI est prCvu une density plus grandc de venous (c*est-a-dire un 
ecartenientnlusf«bte^ 

meniere a assurer une bonne elanchcitc* dans la liaison bout-a-bout des difttrents 

35 



Le chauflagc et la polymerisation de la preTonne soot realises une fois le 
gonnageterniinc\Uprea 
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A tint indkalif.U pression interne est (kForditcIc 15 bus. 
Lb chaufrage de U preTorme peut k fairc soil en introduisant ua nuide 
duuKlarhUeneurdelapitfonne,^ 

de preTerence - par eflet Joule, au moyen de instances Ctectriques (fill chauffants) 
5 dispoefa dam li paid de la prcTonnc ou a praninild de ccUc-ci. et alimcntdes en owwni 
dectrique depui* U*tedepuitx,viala&ge- #4 Qxkd Tubing" - 5 

A u'uc incficauf* la temperature ntfoeataare a ta polymerisation est dt 1 'ofdrc 
de UOaMCTCciUduifcdecetice^c*^ 

Lonque la pcaymerisation des vcmw 9 et de la paroi de prefcrme est 
10 terminee. et que le ciment 6 a fait ta priac (figure 12). ou retire 1'outiUage 500. 50, 51 
(fifccheK, figure 13). 

On installe alon un ouol de coupe (501) a rextremite* da lube 5, et oa 
decoupe le inanchoo d'Oancnette de 1'extretnitf haute de la preTorme (polymeriaee) 4' 
(figure 14). qu'on armcte ensuite. On opere de la roeme manierc pour le manchon 
15 infencur. 

On dbtientalors un trencon de cbemisage rigkle 4' am piok»ge coaxiale- 
mem le tubage pricAknt 2 (voir figure 15). 

L'opetaoon qui vient d'6tre decrice est Wen sCr rfiterec, troucon aprts 
troncoo, afin d'obttnir taprofoodeur de puits chemise souhaitec, 
20 Dani un mode de realisation possible de la preTonnc, ccUc-ci a uoe Ime 

compose* a 30ft de resine epoxy et a 70% de fibres de vcrrc, cede ime ayaat uoe 
e*peisseur de Vordtt de 14mm ; lea pcaux inteneure et exteticure, en caoutebbue 
syntbrtque, oiU reipecd vtowrt ui^ 

A titir indicatif, la portion principale de la preTorme 4 possede, a T6tat 
25 de^unduwietrewtetiew 

184mm. tandis que la portion elargie 40 possede un diametre inteiieur de Tordre de 
188mm et un cSMDCtit cxt6ricur dc Tordrc dc 236mm. 

Lea portioos 30-32 et 31 du puits out des diametre* moyensderordrede 

197mm et de 244,5mm, irspeco* vement 
30 LalonguenrdamfT^rentsliongorjpeutn 

simple utre indicanT, la longueur d*une preTorme peut toe de 1 'ordre de 500m. 

La figure 16 represente un puits P chemise par un ensemble de trois 
tronc^2A.2Bei2C about* et omenta. 

U figure HftprfscnlescWmatiquetnem 
35 qui permet<fcnKttrccaoeuvrekprocM6sek»ruirenn" 

Sur cede figure, la tfcte dc puits. rtTerencce 55. est equipee d'une structure 
mltaUique (chassis) 100 entDurani la tele de puits. 
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Cede structure 100 porte un injecteur 101 pourvu d'un sabot d'appui 102, 
e^nvintiBupixxterakpaQsscrksdifr^tt matericls Jonquils soot desccodus dans 
le puits ou retires de cdui-d ; die se troove a 1 'aplomb dc rcntree du puits* 

On a design* par la reference 54 un tambour de stockage sur Usque! est 
cnroulec U preTonne ;dkestsuppoiieeparun wagponeL 

La reTerence 540 desgne un sabot de aoppoitetdeguidagedeUpfeTonne 
a p entree dnpuits. 

Lea ftYereiica 56 et 57 deai^r^ 
et stock* leapectivementUs tubei -CT * (Coiled Tubing) 560et5. 

Le tube 560 aert a supporter et adepleccr Toutil de forage ; le tube 5 
<co*med6ja<fit)ee^^ flutdc* dc goruTa^e et de 

cimiaUtkwitapreTom^ 
pciyroerisaJion). 

L'elcctridle est fouraie par un genersleur eTectrique S8. 

La reTerence 59 design* une cabtne de contrOle de 1 'operation. 

De maraere elassique, Pcntree du puits a forer est initiaJeroent gaxnie d'un 

cuvetage550. 

Le trepan 1 est adapt* a 1 'extrtmite* du tube 560, lequel est derouW du 
labour receptee 101 
(voir figure 18). 

On precede alore au forage du trou. dc rormc e^agee 3, destine 4 recevoir 
le premier troocon (figure 19). 

Ajxtsmise en place <kUpreTorme, dmentation et raise au rood, et enfin 
rxjlyraerisaaon in situ de celk-ci t via un conducteur dectrique 580 rcli d au geadraxeur 58, 
oo letire k cooduit central (50)^ 

54 (vide) sur laqueUe dtai t ini tialcment stockee la preTonne (figure 20). 
Uprtfometttrouve abound 

On defait ensuile les connexions hydrauliquc et eJectrique avec la 
preTonne, on inttalle et on settle de maniere eTanche autour de la tBte du puts un 
arjpamQage de aecoritd ad-hoc A, cm par une technique crjnventk»neUe (figure 21). 

A 1'aide de Toutil de coupe 501, porta* par le tube 5, on decoupe les 
miachons d'etarvenerte bautetbas (figure 22). 

L'ltape nnvante ooosiste a forer la section suivante. pour obtenir un trou 

dug* 3 r*oic«gennt 1c Uoncon2(figw«23)- 

Ensuite, on calibre les diametres et on venTie raligneraent du troacon 2 et 

dutrou3.a Talde d'un uistnanent approprid 1000 (figure 24). 

On met en place une nouvdle preTonne (figure 25). 
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On la fait descendre dans le putts, et on la positioooc convenablement dam 
le trou 3. On la connect* au tube 5. el on prtxWe aiJ goofUgft, k U camcalation, cl 4 la 
polymerisation (figure 26). 

On retire le conduit central 50. qu'on remonte et qu'on enroule sur le 
tambour recepteurM {figures 27 et 28). 

On suspend Total dc coupe 501 au tube 5, et on le descend pour decoupcr 
les maiwhons d'extrfmit* (figure 29). 

OdcfcO^mamndruxtaJOforari 
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1. Proofd* pour forcr et chemiser un puits, notammeni un puits dc forage 
p*trolier f au moyen d'ua ensemble dc troncons tubulaires - oo preTormea - siinilairea, 
iratialemeni aouplea. aptes a toe repliees loogitudiiialement sur elles-mtaes pour toe 
introduiies (tens !e puiu, puis a *tre d£pliecs radialement sous 1'ctTct d'unc prcasion 

5 interne pour prendre one forme cyliodrique, et enflxi a toe rigkUHdcs instu par polymeri- 
sation dc leur paxoi, renconbrement transversa] d une preTorme reptide extant de 
dimension maximalc seusibtemc&t bfeneure 1 sou cSamtoe interne a l'Aat depUe\ et 
lesdites preYormea (4) poeaodant une portkm d'extremit* (40) doot le mamfetrc - eprcs 
deptiement - est legerement eupencur a celui du rests de la preTorme. ce qui permet leur 
10 jonction bout-a-bout par embottemcnt avec recouvrcment de ladite portion d*extremit£ 
(40), caract£rise* par le fait que, un premier troocon (2) ayant 6\£ mis en place du oot£ de 
I 'entree du puits, sa portion d'extrfraite* dargk (40) tourndc vers le baa. 

a) on fait passer axialement, de haul en fans a travers IcdGt tronoon (2). un 
outU de forage (1), et oo fore au-dessous et dans le protongcment de ce tronoon (2) un 

15 trou (3) de forme et de profondeur adaptecs pour recevoir le tronoon suivmnt ; 

b) on retire IVwtil de focage ( I) ; 

) c) on introduit una prfformc (4). a L'&at replie\ a llnt&ieur du puits en U 

faisant traverser le tronoon (2) dlja en place, et on la positionne coovenaolemeat a 
rinterieur du trou (3), sa portion d'extrcmite* haute venant se placer a r interieur de la 
20 portion d'extremile* fiargie (40) du tronoon (2) ; 

d) on introduit un ciment fluide (6) au food du trou (3), aulour de U 
portion d'extretnite* basse de la preTorme ; 

e) on introduit un fluide sous preasion (8). de densite* superieure a la 
density du ciment (6), a 1'inteneur de la preTorme (4) afio dc ta deplier radialement, 

25 progreasi vement de fans en haut, en refoulant le ciment, e*galement de bas en haut, autour 
de la preTorme. centre la parol du trou (3); 

0 tout en maintenanj la preTorme sous prcssion interne, on en chaufle la 
paroi pourlapolyroerittr ; 

g) |e ciment ayant pria, et la preTorme ayant durci pour constituer un 
30 troocon tubuUire rigjde de chemisage (4*), on retire axialement lea outillages ayant aervi 

au gonfla ge et a la polymerisation de la preTorme. ainai qu*a la distribution du ciment ; 

h) on rfitere roperatioo pour les troncons suivants, jusqu'a obtcnir la 
longueur de putts chemise* souhaitee. 

2 . ProceVie* adon revendicauoo 1. caracteiise par le fait qu'oo utilise un 
35 outilde forage (l)dugetux trepan 
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radiale, ft avoir un premier ctat d'eacombrement mioimaJ, lui permettant de passer ft 
I'inieVieur du troocpo (2) dejft en place, un second d'encombremeat intcrmddiairc, 
pour k forage de U partie princtpalc (30) du trou (3) dun troisifeme dtat, d'enconbrement 
maximal pour le forage dc Ib partie (3 1 ) du trou (3 ) desti net ft recevoir la portion elargie 

5 deUpre7omie(4). 

3 . Prootde* aelon la revendicatioQ 1 ou 2, caracte>i*e* par Ke fait que ledit 
ou tillage comprend use (file (51) ft double valve (52. 53) place* en partie base de U 
pi€focme (4). et a|^ft (fistribuCT 
preform* (4) et on dment Ruide (7) arexterieurdecdle-o. 

10 4 . Installation de forage el dc cfacmisage, destinee ft la misc en oenvrc du 

proce^«eloorunede»reveodica^ 
t&edupuitt: 

- one bobinc (54) dc stockage et de reception, ft KCtat enroule\ de ladiie 

preTorme(4); 

15 - une tile (101) surplombant I'entrec (55) du puits, apte ft pennettre le 

guidage et riniroductioo dans te puiu de la preTormc (4) et des different* outillages 
servant au forage du puits ainsi qu'au gonflage et ft la polymensationde la preTonne ; 

- des bobinc* (56, 57) de stockage ft I 'etai enroul* de tubes m&alliquea 
cTastiquancnt dtfonnabks (560, 5) aptes afairedescendreet reroonter leadits outillages 

20 dans le puits. Tun (5)decea tubes coo tenant un cable servant ft lamentation de la 
preTonneencoinamelectrique ; 

- un generateurde courant elcctrique (59). 
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FIG.23 H0.24 
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54 PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED FN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections— or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 

operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 arc diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 . figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30— on a smaller scale— illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
1 5 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fj in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 11 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/2 1 887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 

activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 

distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 

lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to— even slightly greater than— 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between clastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) A' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

tn one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 

5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (I) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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This Page is Inserted by IFW Indexing and Scanning 
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BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



